Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/GB04/00521 1 
International filing date: 08 December 2004 (08.12.2004) 

Document type: Certified copy of priority document 

Document details: Country/Office: GB 

Number: 0329034.3 

Filing date: 15 December 2003 (15.12.2003) 



Date of receipt at the International Bureau: 18 January 2005 (18.01.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 




o 
Q 



CO 



QfiBce 



o 

INVESTOR IN I>EOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NPIO 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p.l.c, 
pic, P.L.C. or PLC. 

Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 



=3 




Signed 

Dated 14 December 2004 



An Executive Agency of the Department of Trade and Industry 




I 




Form 1/77 



Patents Act 1977 



Office I 



Request for grant of a patent \ 

(See die notes on the back of this form. You can also get an .^^ 
explanatory leafiet A'om Ae Patent OMce to help you £11 in ^ 
ibisJS>xm) 



•i6DEC«3 ESff-Sa , , 

Si # / / 



The Patent Office 

Cardiff Road 
Newport 

South Wales 
NPIO 8QQ 



1. YoTir reference 



2. Patent application number 

(The Patent Office wnijm in this part) 



M03B138/ASB 

0329034.3 



3. Full name, address and postcode of the or of 

. each applicant. (2/«^/er//we <se/7 sM?7wzme^ . . •.■ .-.^ .-. > 

The BOC Group pic, Chertsey Road, Windlesham, Surrey, GU20 6HJ 

Patents ADP number (ifyoti know it) 884627002 ?TZ*^4^ft) ^ 



If the applicant is a corporate body, give the 
country/state of its incorporation 



England 



4. Title of the invention 



VACUUM PUMPING ARRANGEMENT 



5 . Name of your agent (if you ham one) 

"Address for service" in the United Kingdom 
to which all correspondence should be .sent . 

Cincluding the postcode) 



Andrew Steven BOOTH 



The BOC Group pic, Chertsey Road, Windleshann, Surrey, GU20 6HJ 



Patents ADP number (if you know it) 



6. If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and (if you know it) the or 
each application number 


Country Priority application number 
(if you know it) 


Date of filing 
(dcpy / monOs /year) 


7. If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 


Nximbcr of earlier application 


Date of filiag 
(Oay / month /year) 



8. Is a statement of inventorship and of right 
to grant of a patent required in support of 
this request? (Answer "Yes' if: 

a) any applicant named in part 3 is not an inventor, or 

b) there is an i7iventor who is not natned as an 
applicant, or 

c) any named applicant is a corporate body. 
See note (^) 



Yes 



Patents Fotm 1/77 



Patents Form 1/77 




9. - the number of sheets for any of the 
following items you are fOiag with this form. 
Do not count copies of the same document 



Continuation sheets of this form 


0 




Description 


9 




Claimed 


4 




Abstract 


1 \ 






6 ^: 




Drawingfjp) 





10. If you are also filing any of the following, 
state how many agaiast each item. 

Priority documents 


, 0 


* Translations of priority documents 


0 


Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 


0 


Request for preliminary examination 
and search (Patents Form 9/77) 


f 

1^ 


Request for substantive examination 

(Patents Form 10/77) 


0 


Any other documents 
(please specify) 


0 


11. 


I/W e request the grant of a patent on the basis of this application. 
Signature l^y^J^- 1^^*^ 15/12/2003 


12. Name and daytime telephone number of 
person to contact in the United Kingdom 


Andrew Steven Booth 
(01276) 807612 


Warning 



After an application for a patent has been filed, the Comptroller of the Patent Office will consider tvfoether publicaUon 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You 
will be informed if it is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Patent Office unless an application has been filed at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked. 

Notes 

^) If you need help to fill in this form or you have any questions, please contact the Patent Office on 0M39 500505, 

h) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write "see continuation sheet" in the relevant partCs), Any continuation sheet should be 
attached to this form, 

d) If you have ansivered Tes' Patents Form 7/77 tvill need to be filed 

e) Once you have filled in the form you must remember to sign and date it. 
f) For details of the fee and ways to pay please contact the Patent Office, 



PatetitsFotm 



- 1 - 



M03B138/ASB 



VACUUM PUMPING ARRANGEMENT 

The invention relates to a vacuum pumping arrangement. 

5 With reference to Figures 1 and 2, our earlier European patent application no. 
0,805,275 describes a compound vacuum pump having a regenerative pumping 
mechanism 1 and a molecular drag (Holweck) mechanism 2. Mounted within the 
pump housing 3 between bearings 4,5 is a shaft 6. The shaft 6 is adapted for 

. . rotation about its longitudinal axis and is driven by an.electrical.motor 7 

10 surrounding the shaft 6. 

The regenerative stage 1 comprises a rotor 9 mounted on the shaft 6. The rotor 9 
is in the form of a circular disc, the lower surface of which presents a substantially 
flat surface on which are positioned integrally therewith a plurality (six) of raised 

15 rings 10, 11 , 12, 13, 14, 15 situated symmetrically on the rotor about its centre 

point. Mounted on each of the raised rings is a series of equally spaced bladles B, 
for example, one hundred blades on each ring to form concentric annular arrays of 
blades. The width of each ring, and the corresponding size of the blades on each 
ring, gradually decreases from the outermost ring 15 to the innermost ring 10., 

20 Each of the blades is slightly arcuate with the concave side pointing in the 
direction of travel of the rotor. 

The body portion 16 of the housing 3 forms the stator and contains six circular 
channels in its upper surface which are of "keyhole" cross section and are of a 

25 size which closely accommodates in the rectangular section upper parts the six 
raised rings 10, 11, 12, 13, 14, 15; the circular section lower (as shown) parts 
accommodate the corresponding blades of the relevant raised ring! Each 
channel has a reduced cross sectional area (not shown) for a small part of its 
length of a shaped size substantially the same as that of the corresponding blades 

30 accommodated therein. This reduced cross sectional part of each channel forms 
the "stripper" which, in use, urges gas passing through that channel to be 
deflected by porting (not shown) in to the next (inner) channel until being 
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exhausted from the pump via the bores 32, 33 in the body portion 16. 

This arrangement allows for radial sealing between the rotor and stator of the 
regenerative mechanism. In this respect, the radial sealing occurs between the 
sides of the raised rings 10, 11 , 12, 13, 14, 15 and the corresponding sides of the 
rectangular cross sectional part of the relevant channel, ie at 17, 18, especially the 
outermost sides 1 8, as shown in respect of the ring 1 0 only to aid clarity in the 
drawings, due to thermal expansion of the rotor 9 during use of the pump. 
However, in view of the close tolerances required to effect such. radial sealing,. any 
dust or other debris which might accumulate on the outermost sides of the 
channels 18 through the action of centrifugal forces could, if allowed to build up, 
cause the pump to seize. 

In at least Its preferred embodiment, the present invention seeks to solve this and 
other problems. 

In one aspect, the present invention provides regenerative pumping mechanism 
comprising a rotor having a series of blades positioned in an annular array on one 
side of the rotor, -a stator having an annular channel within which the blades rotate, 
and means for actively controlling relative axial movement between the rotor and 
the stator so as to control the axial clearance between the rotor and the stator. 

By controlling the axial clearance between the rotor and the stator, controllable 
axial sealing can be provided between the rotor and the stator. As a 
consequence, there is no longer any requirement to provide radial sealing, thereby 
avoiding the aforementioned problem associated therewith; any dust or debris in 
the pumped gases can migrate away under centrifugal forces rather than 
/becoming trapped between any radial seals. ? , ^ 

In a preferred embodiment, the means for actively controlling relative axial 
movement comprises an axial magnetic bearing for controlling axial movement of 
the rotor relative to the stator. 
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Preferably, the axial magnetic bearing comprises an electromagnet arranged to 
draw the rotor towards the stator, and thereby achieve accurate control of the axial 
clearance between the rotor and stator, typically to a precision less than 10nm.. 
5 To minimise pump length, the electromagnet may be conveniently mounted on the 
stator. 

Preferably, the electromagnet is supplemented by a second electromagnet 
. arranged to draw the rotor away from the stator, thereby improving control of the . 

10 axial clearance. The axial magnetic bearing preferably comprises a magnetic 
bearing rotor, the magnetic bearing rotor and the rotor of the regenerative 
mechanism being located on a common shaft, the magnetic bearing rotor being 
located between the electromagnets. A control device may be arranged to control 
the strength of the magnetic field generated by the electromagnet(s) and thus the 

15 axial position of the rotor relative to the stator. 

In an alternative embodiment, the means for actively controlling axial movement 
comprises AN actuator, for example, a linear actuator, actuable to control th6 axial 
- - - position-of the rotor, for examptei by moving a rolling bearing supporting the-drive 
20 shaft. As the overall extent of the relative movement of the rotor and stator may 
be less than 50iJ.m, the actuator may conveniently comprise a magnetic shape ' 
memory material, with a control device arranged to control the strength of a 
magnetic field applied to the actuator being provided, thereby accurately 
controlling the length of the actuator and thus the axial position of the rotor relative 
25 to the stator. 

In a preferred arrangement, the arrangement comprises means for detecting the 
axial position of the rotor relative to the stator and means for controlling the means 
for actively controlling relative axial movement In response to the detected 
30 position. 
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A back-up bearing may be provided to limit the amount of relative movement 
between the rotor and the stator. 

At least one of the rotor and the stator is formed from, or coated with, a wear- 
resistant, or self-lubricating, material to minimise damage in the event of contact 
between the rotor and the stator. 

in a preferred embodiment, the rotor has at least two series of blades positioned in 
concentric annular, arrays on the side of the rotor and the statorhas a 
corresponding number of channels within which the blades of the arrays can rotate 
and means are provided to link the channels to form a continuous passageway 
through which fluid can pass. 

As radial sealing can been dispensed with, a drive shaft for driving the mechanism 
may be supported at each end thereof by a lubricant free bearing, such as a 
magnetic bearing. Providing full magnetic support for the drive shaft had 
previously been difficult in view of the requirement for the radial running 
clearances for the radial seals to be less than 0.1mm; typical back-up bearing 
"clearances-are greater than Ovl 5mm. • .... ............. .... 

The present invention also provides a pumping arrangement comprising a 
regenerative pumping mechanism as aforementioned. The arrangement may 
comprise means for controlling the axial clearance between the .""otor and the 
stator and so control the pressure in a chamber connected to the pumping 
arrangement. For example, the axial clearance may be increased so that one or 
more of the stages of the pumping mechanism leak pumped fluid back to the 
previous stage. During roughing of the chamber, control of the axial clearance can 
allow a greater rate of fluid flow past the othenvise restgctive exhaust stages of the 
regenerative mechanism, thereby improving pumping speed. 

Thus, in another aspect the present invention provides pumping arrangement for 
controlling pressure in a chamber, the arrangement comprising a regenerative 
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pumping mechanism comprising a rotor having a series of blades positioned in an 
annular array on one side of the rotor, and a stator having an annular channel 
within which the blades rotate; and means for effecting axial movement of the rotor 
during use of the pump to control the axial clearance between the rotor and the 
5 stator and so control the pressure in the chamber. 

Preferred features of the present invention will now be described, by way of 
example only, with reference to the accompanying drawing, in which:- 

10 Figure 1 is a sectional view through a representation of a prior vacuum pumping 
arrangement having both regenerative and Holweck stages; 

Figure 2 is an enlarged sectional view of the representation shown in Figure 1 ; 

15 Figure 3 is a section view through a representation of a vacuum pumping 
arrangement of the invention; 

Figure 4 is an enlarged sectional view of the representation shown In Figure 3; 

20 Figure 5 is an enlarged section view of a pumping stage of the regenerative 
pumping mechanism of the pumping arrangement of Figure 3; and 

Figure 6 illustrates a cham.ber pressure control mechanism. 

25 With reference to Figure 3, a vacuum pumping arrangement 100 comprises a 
molecular pumping mechanism 102, which may comprise one or both of a 
turbomolecular pumping mechanism and a molecular drag pumping mechanism, 
and a regenerative pumping mechanism 104. The inlet 105 of the pumping 
arrangement may be In fluid connection with a semiconductor processing chamber 

30 in which a clean environment is required. In use, gas In molecular flow conditions 
is drawn in through the inlet to the molecular pumping mechanism 102 which 
urges molecules into the regenerative pumping mechanism 104. Gas is 
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exhausted at atmospheric pressure or thereabouts through an exhaust (not 
shown). 

The pumping mechanisms are housed in a housing, which is formed in three 
separate parts 1 06, 1 08, 11 0. Part 1 06 forms the inner surfaces of the molecular 
pumping mechanism 102, and part 108 forms the stator of the regenerative 
pumping mechanism 1 04. Part 1 1 0 defines a recess 1 1 2 for receiving a radial 
magnetic bearing 1 14 for supporting one end of a drive shaft 1 1 6. The magnetic 
bearing 114 may be an active bearing, using electromagnets, or a passive .. 
bearing, using permanent magnets. A back-up bearing 118 may also provided to 
prevent excess radial movement of the shaft 1 16 in the event of, say, power 
failure. The other end of the drive shaft 1 1 6 is also supported by a radial 
magnetic bearing 115 and a back-up bearing 119. 

Drive shaft 1 16 is driven by motor 120. The motor 120 may be supported at any 
convenient position in the vacuum pumping arrangement. The motor is adapted 
to be able to drive simultaneously the molecular pumping mechanism 102 and the 
regenerative pumping mechanism 104. As a regenerative pumping mechanism 
generally requires more power for operation than a molecular pumping mechanism 
in view of the regenerative pumping mechanism operating at pressures close to 
atmosphere where windage and air resistance is relatively high, the motor is 
selected for powering the regenerative pumping mechanism 1 04. 

The regenerative pumping mechanism 104 comprises a stator 108 and a rotor 
122. The stator has a plurality of linked circumferential pumping channels 124 
disposed concentrically about the longitudinal axis A of the drive shaft 116. The 
rotor 124 is mounted to, or integral with, the drive shaft 116, and comprises a 
plurality of arrays of rotor^blades B extending-§xially into respective circumferential 
pumping channels 126. In the embodiment shown in Figure 3, the regenerative 
pumping mechanism 104 comprises seven pumping stages, for each stage a 
circumferential array of rotor blades B extending into a respective channel. 
During operation, the drive shaft 116 rptates the rotor 122, which causes the rotor 
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blades B to travel along the pumping channels, pumping gas from an inlet (not 
shown), through each of the pumping stages in turn (from the outermost stage to 
the innermost stage) to an outlet (not shown) where the pumped gas Is exhausted 
at a pressure close to or at atmospheric pressure. 

5 

An enlarged cross-section of the regenerative pumping mechanism 104 is shown 
in Figure 4. Each circumferential array of blades B is mounted on a respective 
raised ring 128 of the lower surface 130 of the rotor 122, the height of the raised 

rings 128 being much smaller than lhat of the raised rings 10, .1.1, .12, . 13, 14, . .15 of 

10 the prior regenerative mechanism 1 shown in Figure 2. As known, each channel 
has a reduced cross sectional area (not shown) for a small part of its length of a 
shaped size substantially the same as that of the corresponding blades 
accommodated therein. This reduced cross sectional part of each channel forms 
the "stripper" which, in use, urges gas passing through that channel to be 
15 deflected by porting (not shown) in to the next (inner) channel until being 
exhausted from the pumping arrangement 100. 

In contrast to the regenerative pumping mechanism 1 of Figure 2, the regenerative 
,v«r .pumping mechanism 1 04 of the pumping arrangement- 100 does not employ riadial- 

20 sealing between the rotor and stator, but instead relies on axial sealing. With 
reference to Figure 5, for efficient operation of the regenerative pumping 
mechanism 104, it is important that the axial clearance "C" between the lower 
surface 130 of the rotor 122 and upper surface 132 of the stator 108 is closely 
controlled, and preferably kept to no more than 200 |Jim or less, and preferably less 

25 than 80 nm, during operation. An increase in clearance "C", for example, due the 
application by the pumped gas of an axial load on the rotor 1 22 tending to push 
the rotor 122 away from the stator 108, would lead to significant seepage of gas 
out of the pumping channels 126 and vary the pumping performance of the 
regenerative pumping mechanism 104. 

30 

In order to actively control the axial clearance C between the rotor 122 and the 
stator 1 08, and thus control the pumping performance, the pumping arrangement 
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"l OO'inclucl'es ah axiaI'magnetfc'I5eamg'lT0T"Witfi"re^ to Figure 4, the axial 
magnetic bearing 140 comprises a magnetic bearing rotor 142 mounted on, or 
integrally formed with, the drive shaft 116, the magnetic bearing rotor 142 being 
located between a first electromagnet 144 and a second electromagnet 146 
mounted in the stator 108. Using a control device 150 (as shown in figure 6), the 
voltage applied to the electromagnets is selectively controlled to adjust the position 
of the magnetic bearing rotor 142 between the electromagnets 144, 146, thereby 
controlling the axial position of the rotor 122 relative to the stator 108 and thus the 
size of the axial clearance C. In the arrangement shown in Figure 4,. increasing 
the voltage applied to the first electromagnet 144 tends to draw the rotor 122 
towards the stator 108, whilst increasing the voltage applied to the second 
electromagnet 146 tends to draw the rotor 122 away from the stator 108. 

A positional sensor 152 can be used to detect the axial position of the rotor 122 (or 
drive shaft 116) and output signals indicative of the position of the rotor 122 to the 
control device 150 to enable the magnitude of the voltages applied to the 
electromagnets 144, 146 to be varied as required to control the axial clearance C. 
Additionally, or alternatively, the pressure In the chamber 160 being evacuated by 
- the pumping arrangement '1 00 can -be measured using gauge 1 70,'-for example,":a'-. 
Pirani gauge. The gauge 1 70 outputs a signal indicative of the pressure in the 
chamber 160. This signal is fed into a control device 150, which uses the signal to 
provide a comparison between the current pressure in the chamber 160 and the 
desired pi-essure. Depending on the result of the comparison, the control device 
150 can adjust the axial clearance C to control the rate of flow of fluid through the 
regenerative pumping mechanism (for example, by increasing the axial clearance 
C so that the pumped gas Is caused to by-pass the stages of the regenerative 
pumping mechanism 1 04) and thereby adjust the pressure in the chamber 1 60. 
This can be particularly useful duri^^g roughing of the chamber 160 from- 
atmospheric pressure, where increasing the axial clearance C can allow for an 
increased rate of fluid flow past the otherwise restrictive exhaust stages. 
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In the event that the rotor 122 and stator 108 come into contact, a combination of 
hard coatings and self-lubricating materials can be used for the surfaces 130, 132 
of the rotor 122 and stator 108 to allow contact to occur without damage and only 
minimal wear. 

5 

In summary, a regenerative pumping mechanism comprises a rotor having a 
series of blades positioned in an annular array on one side of the rotor, and a 
stator having an annular channel within which the blades rotate. In order to 
control the axial clearance between the .rotor and the.stator, an. axial magnetic 
10 bearing actively control relative axial movement between the rotor and the stator. 
This can allow the pumping mechanism to provide controllable axial sealing 
between the rotor and the stator, as opposed to radial sealing. 

It Is to be understood that the foregoing represents one embodiment of the 
15 invention, others of which will no doubt occur to the skilled addressee without 
departing from the true scope of the invention as defined by the claims appended 
hereto. 

. -..Fonexamplevin an alternative embodiment a linear-^aetuator^may be-us^ 
20 control the axial position of the rotor 1 22 relative to the stator 1 08. The actuator 
may be located, for example, axially between the drive shaft 1 1 6 and back-up 
bearing 118, and actuated to adjust the axial position of the drive shaft 116, for 
exam.ple by controlling the position of bearing 118. The actuator may take any 
convenient form. For example, the actuator may be In the form of a linear actuator 
25 formed from magnetic shape memory material, the length of which varies in 
relation to the strength of a magnetic field applied thereto by a surrounding 
electromagnet. The control device 150 may be configured to control the voltage 
supplied to this electromagnet in order to control the length of the actuator and 
thus the axial position of the rotor relative to the stator. 



30 
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CLAIMS 



10 2. 



15 3. 



A regenerative pumping mechanism comprising a rotor iiaving a 
series of blades positioned in an annular array on one side of the 
rotor, a stator having an annular channel within which the blades 
rotate, and means for actively controlling relative axial movement 
between the rotor and the stator so as to control the axial clearance 
between the rotor and the stator. 

A mechanism according to Claim 1, wherein the means for actively 
controlling relative axial movement comprises an axial magnetic 
bearing for controlling axial movement of the rotor relative to the 
stator, 

A mechanism according to Claim 2, wherein the axial magnetic 
bearing comprises at least one electromagnet arranged to draw the 
rotor towards the stator. 



. . A-mechanism according to-Glaim 3, wherein-the e - 
20 mounted on the stator. 

5. A mechanism according to Claim 3 or Claim 4, wherein the axial 
magnetic bearing comprises at least one second electromagnet 
arranged to draw the rotor away from the stator. 

6. A mechanism according to Claim 5, wherein the axial magnetic 
bearing comprises a magnetic bearing rotor, the magnetic bearing 
rotor and ;the rotor of the regenerative mechanism being located on a 
common shaft, the magnetic bearing rotor being located between the 

30 first and second electromagnets. 
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A mechanism according to any of Claims 3 to 6, comprising a control 
device arranged to control the strength of the hiagnetic field 
generated by the electromagnet(s) and thus the axial position of the 
rotor relative to the stator. 

A mechanism according to Claim 1 , wherein the means for actively 
controlling axial movement comprises an actuator actuable to control 
the axial position of the rotor. 

A mechanism according to Claim 8, wherein the actuator comprises 
magnetic shape memory material. 

A mechanism according to Claim 9, comprising a control device 
arranged to control the strength of a magnetic field applied to the 
actuator so as to control the shape of the actuator and thus the axial 
position of the rotor relative to the stator. ^' 

A mechanism according to Claim 7 or Claim 1 0, wherein the control 
'--device^omprises means for detecting the axial position of-the fotop ^• 
relative to the stator and means for controlling the means for actively 
controlling relative axial movement in response to the detected 
position. 

A mechanism according to any preceding claim, comprising means 
for limiting the amount of relative movement between the rotor and 
the stator. 

A mechanism according to any preceding claim, wherein at least one 
of the rotor and the stator is formed from, or coated with, a wear- 
resistant material to minimise damage in the event of contact 
between the rotor and the stator. 
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A mechanism according to any preceding claim, wherein the rotor 
has at least two series of blades positioned in concentric annular 
arrays on a side of the rotor and the stator has a corresponding 
number of channels within which the blades of the arrays can rotate 
and means are provided to link the channels to form a continuous 
passageway through which fluid can pass. 

A mechanism according to any preceding claim, comprising a drive 
shaft for driving the mechanism. 

A mechanism according to Claim 15, wherein the drive shaft is 
supported at each end thereof by a lubricant free bearing. 

A mechanism according to Claim 16, wherein each lubricant free 
bearing comprises a magnetic bearing. 

A mechanism according to any of Claims 15 to 17, wherein the drive 
shaft is additionally supported at each end by a rolling bearing. 

A mechanism according to any of Claims 15 to 18, wherein the 
means for actively controlling relative axial movement is arranged to 
control axial movement of the drive shaft and thereby control the 
axial position of the rotor relative to the stator. 

A mechanism according to Claims 18 and 19, wherein the means for 
actively controlling relative axial movement is arranged to axially 
move a said rolling bearing to control the axial position of the drive 
shaft. 

A pumping arrangement comprising a regenerative pumping 
mechanism according to any preceding claim. 
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A pumping arrangement according to Claim 18, comprising means 
for controlling the axial clearance between the rotor and the stator 
and so control the pressure in a chamber connected to the pumping 
arrangement. 

A pumping arrangement for controlling pressure in a chamber, the 
arrangement comprising a regenerative pumping mechanism 
comprising a rotor having a series of blades positioned in an annular 
array on one side of the rotor, and a stator having an annular channel 
within which the blades rotate; and means for effecting relative axial 
movement between the rotor and the stator during use of the pump 
to control the axial clearance between the rotor and the stator and so 
control the pressure in the chamber. 

An arrangement according to Claim 23, comprising a drive shaft for 
driving the mechanism, the means for actively controlling relative 
axial movement being arranged to control axial movement of the 
drive shaft and thereby control the axial position of the rotor relative 
- to the stator." ' ■ ' - ^ ■ " ' 

An arrangement according to Claim 23 or Claim 24, wherein the 
means for effecting relative axial movement comprises an axial 
magnetic bearing for controlling axial movement of the rotor relative 
to the stator. 

An arrangement according to Claim 23 or Claim 24, wherein the 
means for effecting relative axial movement comprises an actuator 
actuable to control the axial position of the rotor relative to the stator. 

An arrangement according to Claims 24 arid 26, wherein the actuator 
is arranged to move a bearing for supporting the drive shaft. 
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ABSTRACT 

A regenerative pumping mechanism comprises a rotor liaving a series of blades 
positioned in an annular array on one side of the rotor, and a stator having an 
annular channel within which the blades rotate. In order to control the axial 
clearance between the rotor and the stator, an axial magnetic bearing actively 
control relative axial movement. between the rotor and the stator. This can allow., 
the pumping mechanism to provide controllable axial sealing between the rotor 
and the stator, as opposed to radial sealing. 

(figure 3) 
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